Study objective -To assess the predictive utility of obstetric risk factors for identifying before the onset of labour those women at high risk of obstetric complications in a developing world setting, where home deliveries predominate and emergency transport is scarce. Design -Risk factors derived from two population based, case-control studies (one of cephalopelvic disproportion and one of post partum haemorrhage), carried out in Zimbabwe were used to construct weighted and unweighted scores, a variety of screening algorithms, and sets of probabilities estimated from logistic regression models. These screening tests were evaluated for sensitivity, specificity, positive predictive value, and "cost" (the proportion of the population testing positive). Each complication was evaluated separately and the two were then pooled. Participants -All were Harare residents with singleton, vertex deliveries and spontaneous onset of labour. A total of 201 experienced cephalopelvic disproportion, 150 had post partum haemorrhage, and 299 had normal, unassisted deliveries. Measurements and main resultsLargely because of the very low incidence of the two complications studied (1% or less), positive predictive values were low (less than 7%). Holding "cost" constant at 10%, a screening test for cephalopelvic disproportion could predict 42-3% of cases compared with only 35 0% of those with post partum haemorrhage.
Weighted scores had little advantage over unweighted ones, and probabilities from the logistic regression models did not differentiate cases from controls very well.
Conclusions -With simple algorithms based on maternal height, parity, and obstetric history, more than one third of women at risk for potentially fatal complications could be identified at relatively small cost to themselves or the health care system. (J Epidemiol Community Health 1994; 48:297-305) One of the primary goals of antenatal care is to identify those women with raised risks for problems during pregnancy or delivery, in order to ensure that precautionary measures are instituted where possible or more intensive medical care is available should it be needed.
In the developing world, where most women deliver outside formal health care facilities and emergency transport is often difficult or impossible to obtain, the ability to identify those women who are at high risk of delivery complications and who ought, therefore, to deliver at a hospital would be very valuable. Such referrals could greatly reduce the present high levels of maternal mortality and morbidity, if women followed the recommendations and if effective hospital care were then provided.
Despite all the attention paid to identifying "high risk" women during pregnancy, there are no published studies linking risk factor identification with reduced maternal or perinatal morbidity or mortality. There are many reasons for the paucity of data on this complex inter-relationship, including lack of conceptual clarity among clinicians working in this area, multifactorial outcomes and aetiologies, logistical difficulties in implementing needed research, and ethical dilemmas.
Unlike other types of epidemiological research which look at risk factors as a means of untangling aetiologies, obstetric risk factors are often used as a screening device to assist in patient management. In this situation, a risk factor is noteworthy if it is an effective predictor of the outcome of interest, even if it is only indirectly related to the outcome and cannot itself be changed or prevented. Risk factor identification is often focussed on secondary rather than primary prevention, since many maternal complications can be treated but not prevented from occurring.
Research into obstetric risk factors has not been a high priority in industrialised countries, since most women have ready access to competent medical care there and poor maternal outcomes are relatively rare. Maternal risk factors have been studied primarily for their value in predicting or preventing unfavourable perinatal outcomes.`15 Such research has been difficult to undertake in developing world settings, where hospital based obstetric patients are usually unrepresentative of parturient women generally,8 and data on deliveries outside hospital are quite difficult to obtain. The problems are compounded by the diversity of complications for which screening is employed and the inter-relatedness of the potential risk factors. Different components within an outcome may have different risk factors that cancel each other out when lumped together for analysis. In addition, there is a considerable time lag between the risk assessment and the outcome of interest, during which conditions can change and interventions can take place. Evaluation is complicated by the fact that the benefits and hazards of the test are difficult to quantify as are the consequences of being incorrectly classified.
The present study was undertaken in an effort to predict risk for two well defined complications for which the interventions have already been proved relatively effective, post partum haemorrhage and cephalopelvic disproportion. A site was chosen (Harare, Zimbabwe) that permitted nearly 90% of all local births to be represented in the study, while still being able to include data on a wide range of pertinent variables, data that were collected before the outcome was known. Operative delivery in last pregnancy 9 5 (3-8, 23 6)
Methods
Neonatal death in last pregnancy 4 5 (1 3, 15 9) Antenatal hospitalisation for PIH cal record while she was still in the hospital, while data for controls were abstracted within a few weeks after delivery from the uniform maternal record form used for all deliveries in the public system.
To evaluate the effectiveness of various factors in screening pregnant women for hospital rather than home delivery, only factors detectable before the onset of labour were used. Risk factors identified for cephalopelvic disproportion included advanced maternal age (35 years and older), short stature (less than 160 cm), nulliparity, a history of operative delivery or neonatal death in the preceding pregnancy, and admission to hospital for pregnancy induced hypertension in the current pregnancy. Those identified for post partum haemorrhage also included advanced maternal age and low parity, but included a more general history of poor obstetric outcome in the preceding pregnancy, anaemia during the current pregnancy, and admission to hospital for any pregnancy related problem before the onset of labour as well. ery). The proportion of the population that would be referred according to a particular test constitutes an important measure of the "cost" of the test to the system. Like the predictive values, it was calculated using the estimated incidences of cephalopelvic disproportion and post partum haemorrhage in this population.
Results
Scores for cases and controls, based on sums of the risk factors, either unweighted or weighted by the RR values, were compared using ROC curves. For cephalopelvic disproportion (see fig 1) , the score based on weighted factors performed modestly better than one using unweighted factors, but even at its optimum point (the point on the curve closest to the upper left corner), that is using a cut off of 4 or more, the weighted score had both a sensitivity and specificity of only 75%. algorithms were compared on the basis of sensitivity, specificity, likelihood ratio (LR), positive predictive value (PV+), and "cost" (total proportion of the population referred). Table 2 shows the comparative utility of systems for cephalopelvic disproportion and post partum haemorrhage separately, in ascending order of cost. Because of the low incidences of these two conditions in this population, the positive predictive values are quite low, with none above 7%. Focussing on nulliparous women who are less than 160 cm tall, however, would result in referrals of only 4% of all pregnant women and would identify 28% of the cephalopelvic disproportion cases. Using the presence of any two of the significant risk factors as the screening criteria achieves better sensitivity without too great a reduction in specificity and would result in just under 10% of women being referred and more than 40% of cephalopelvic disproportion cases being identified. Combining the strongest predictors, nulliparity (conditional on short stature) and operative delivery in the last pregnancy, yields nearly identical results in this population. At the high cost end, referring one quarter of the pregnant women (using the score with weighted factors and a cut off point U)
(I) of 4 or more) would result in three quarters of the cephalopelvic disproportion cases being predicted.
As was seen with the ROC curves, the post partum haemorrhage predictors are not as strong as those for cephalopelvic disproportion. The highest LR is achieved when the criteria consist of either poor obstetric outcome in the last pregnancy or antenatal admission to hospital for a pregnancy related problem. This combination identifies nearly a third of the cases, at a cost of only 5 6% of women being referred. Adding a low haemoglobin concentration to this combination increases 
Discussion
The value of these tests for antenatal screening clearly depends on the criteria by which they are judged. There is no single measure that satisfies all concerns. One of the main problems is that almost all measures are influenced by the characteristics of the population to which they are applied. Another is that both effectiveness and cost (in a very broad sense) must be taken into account.
MEASURES OF UTILITY
Sensitivity and specificity are basic measures of effectiveness that can characterise a test independently of the incidence of the target condition, but they can be affected by variations in the frequencies of the particular risk factors used. Attempts to combine sensitivity and specificity into one measure (called the "accuracy"9 or the "percent correctly classified"5) can be quite misleading'0 and thus were not used here. The trade off between sensitivity and specificity was particularly evident in this study, since the sensitivity of individual factors was low, but more effective combinations of factors were inevitably less specific.
The low predictive values for all the screening tests in the present study are to be expected, at least to some extent, because of the low incidence of cephalopelvic disproportion and post partum haemorrhage in Harare. With an incidence of 2% or less, even a screening test with 95% sensitivity and 95% specificity could not achieve a positive predictive value better than 28%. With regard to cephalopelvic disproportion, there is reason to believe (Munjanja, personal communication, 1991) that there might have been a somewhat higher incidence in Harare if women with two or more prior caesarean sections or other risk factors for cephalopelvic disproportion were not given elective caesareans, but even that adjustment would not push the incidence above 2%. It is nearly impossible to get population based estimates of the incidence of cephalopelvic disproportion in Africa, but the figure for Harare is consistent with available data from other studies.'"'5 While some hospital based studies have reported rates as high as 15%,16 hospital populations usually over represent women with problems, a bias that is particularly true among "unbooked" patients (those not seen for antenatal care, who come to the hospital only when a complication occurs) and may also be true of "booked" patients, since these women may be self selected because of prior or anticipated delivery complications. It seems unlikely that the true underlying rate of cephalopelvic disproportion is much more than 2% in most places, so one cannot expect substantial improvement in predictive values for cephalopelvic disproportion in other populations.
There is some basis, though, for thinking that the incidence of post partum haemorrhage in Harare is considerably lower than the usual range of rates (10-20%) Cost considerations include the medical, financial, and social burdens associated with missed cases, unnecessary interventions, and administration of the test itself, as those burdens apply to individual women and their families and to the health care system. These costs are nearly impossible to quantify, but they can at least be compared on a relative basis to the current practice or to other screening options being considered. A major limitation on the usefulness of likelihood ratios and predictive values when making management decisions is that they give equal weight to false positives and false negatives, an approach that seldom reflects reality. In the present study, the costs of a missed case are high to the woman and the system, because both cephalopelvic disproportion and post partum haemorrhage are life threatening complications and are more expensive and difficult to manage if not treated promptly. The costs of unnecessary intervention, where intervention consists of referral for delivery in a facility where operative delivery and medical or surgical management of post partum haemorrhage are available, are also high in most parts of the developing world, where there are not enough personnel or facilities to accommodate all deliveries and many women cannot easily reach or afford care in an appropriate facility when the time for delivery arrives. Where health system capabilities are limited, unnecessary referrals may either overwhelm the system or pre-empt space needed for women who can truly benefit from hospital care. As was done in an earlier study in Zaire,23 this study defined cost as the percentage of women referred (that is, test positives) in the population. The costs of the tests themselves are negligible, given the type of screening systems discussed in this study (since they involve data already collected as part of routine physical examination and medical history taking), as long as antenatal care is already provided for purposes other than screening. Aside from haemoglobin determination, the factors are observational and not invasive.
Where the capacity of the health system is the limiting factor, screening tests must be evaluated with that consideration foremost. 3 0) . If the cut off were set at 141 cm or less, only 11% of the population would be included while still identifying 67% of the cephalopelvic disproportion cases." Using a cut off of 60 inches or less (150 cm) for primigravidae in Sierra Leone, Aitken and Walls25 had to refer 57% of pregnant women in order to identify 84-6% of cephalopelvic disproportion cases (LR = 0 5). Using the data from the present study and a cut off of 160 cm in nulliparous women, the predictive efficacy is midway between the Tanzania and Sierra Leone examples (52-3% of cases detected for 14 9% of the population referred, LR= 1 9).
Some studies have combined height with other factors. In Tanzania, a test with 18 possible factors26 identified 23 2% of pregnant women as "at risk" while detecting 54 3% of the cases of maternal complications at delivery (LR = 26). Also in Tanzania, pelvic assessment was used in primigravidae27 to detect 584% of cephalopelvic disproportion cases while referring just 21 8% for hospital delivery (LR = 42). In Zaire, two studies have linked risk factors with outcome. The Kasongo Project Team23 compared risk factors recorded antenatally with two outcomes: life threatening fetopelvic disproportion and abnormally prolonged labour. They found that a history of previous dystocia or of previous perinatal deaths was significantly associated with both outcomes. They tested three approaches to risk prediction: (A) single factor, (B) any of several factors, and (C) specific combinations of factors. Among the single factors, a bad obstetric history was the most effective (sensitivity of 18%) at the lowest cost (3% referred). This is much better than a similar history factor in the current study, which identified only 16% of cephalopelvic disproportion cases with a cost of 9% referred. With model (B), using positivity for any one of several factors including a bad obstetric history, fetal position, and maternal age, height, and gravidity, the effectiveness rose to 69% of cases detected but cost rose to 44% of the population referred. With model (C), if either a bad obstetric history or young age with short height were present, effectiveness was 59% with a cost of 18% referred. In Karawa, Zaire, screening tests to identify those needing surgical delivery because of obstructed labour were based on parity, height, and obstetric history, but the most efficient test was based on height less than 145 cm. ' There are several limitations inherent in this study and its setting that constrain the conclusions one can draw. One of the most significant is that the risk models were tested only on the data set from which they were drawn (as is true of the vast majority of such studies), a process that inflates their predictive values.22 An important follow up to this study would be to apply the screening tests to other data sets and see how well they do. Another limitation is the fact that the study is based on an urban population, even though the most urgent need for such risk screening is in the rural areas where ambulances and local hospitals are not available. This urban context may limit the extension of its findings to rural populations in Africa or other areas of the developing world. Although these women all had trained medical personnel attending their deliveries, a fact that distinguishes them from the vast majority of rural women, these deliveries involved a very low level of medical intervention, quite similar to the care rural women might receive. There is no obvious reason to believe that the risk factors identified in this study would differ for urban and rural residents. The common shifting of residence between urban and rural areas in Zimbabwe makes it less likely that Harare women differ substantially from their rural counterparts. If there were differences in the distribution of risk factors such as age or parity, they could affect the predictive values of the screening tests proposed. In particular, in a population where elective caesarean section because of a history of two or more previous sections is not common (unlike Harare, where it is official policy and nearly universally applied), the importance of nulliparity as a risk factor for cephalopelvic disproportion might drop considerably while the importance of a history of previous caesarean section might rise correspondingly. As a result, screening tests using nulliparity might be less effective while those using history might perform better.
A further limitation was the narrow focus of the study on two particular complicationscephalopelvic disproportion and post partum haemorrhage. Any useful antenatal screening system would have to address all possible serious obstetrical complications known to occur in significant numbers. In attempting to do so, the specificity of the test might decline somewhat (although this might be offset in terms of predictive value by a higher combined incidence rate). The more narrow systems described here may represent an overestimate of what can be achieved with risk screening. On the other hand, if the risk factors for cephalo-pelvic disproportion and post partum haemorrhage are also related to other obstetric and perinatal complications, the yield in terms of predictive value could be much higher in a combined screening test than in the ones shown here.
The conclusions to be drawn from this study regarding the value of risk screening are strengthened by several factors. Firstly, the screening tests were applied to groups representative of the general population of pregnant women in Harare, not just to a higher risk hospital population as in most other studies in Africa. The outcomes (cephalopelvic disproportion and post partum haemorrhage) were carefully defined and systematically ascertained from a uniform municipal medical record. The two outcomes were not subject to alteration as a result of early risk status identification, since they could only be treated and not prevented (except possibly for those women with two or more previous caesarean sections assigned to elective section for suspected cephalopelvic disproportion).
The results of this study suggest that a third or more of the women likely to experience cephalopelvic disproportion or post partum haemorrhage can be identified sufficiently in advance of the onset of labour to enable them to plan to deliver at a facility equipped to handle such problems. This can be done at a relatively modest cost, in terms of the testing itself and the excess of unnecessary referrals to the hospital, as long as antenatal care is already available or such screening can be incorporated into another community health care structure (such as traditional birth attendants or community health workers). Further refinements to increase the sensitivity or specificity of the screening tests or to determine risk factors that are common to other adverse outcomes (thereby increasing the pertinent incidence rates) would enhance the effectiveness of the tests. The continued expansion and improvement of the primary health care structure, including surgical services and blood transfusion capabilities relevant to other health problems besides obstetrics, would reduce the unit costs, both of administering the tests and of dealing with excess referrals, by broadening the service base and spreading it over several health functions. The screening models presented here provide a basis for comparing the value of screening for these conditions (cephalopelvic disproportion and post partum haemorrhage) with the results to be expected from alternative strategies, such as screening for other conditions of concern, treating symptomatic women only, or developing emergency transport or care capabilities in every community.
